Abstract. This paper solved an inverse scattering problem of near field under some conditions and presented a novel microwave near-field imaging method of breast tissues with tumors, which is based on the contrast of dielectric properties between normal breast tissues and tumors. We used microwave scatter-sounding method to detect the breast and obtained the reconstruction projection data. Then modeled the dielectric properties distribution of breast tissues with Markov Random Field (MRF) method. With the characteristics of radial distribution of the data, we established the relationship between dielectric properties distribution and detected data. Using Maximum a Posteriori (MAP) estimation, we obtained an optimization problem and solved it. The simulation result shows that the method is effective for imaging.
Introduction
Since the distinct difference on dielectric properties between normal breast tissues and breast tumor tissues with microwave power (the relative permittivity of normal breast tissues is 10 ε ≈ and 50
ε ≈ for breast tumor in the condition of 1.5GHz microwave irradiation [1] ), the position of breast tumor can be localized in theory [2] . As we known, near field microwave imaging is a complex inverse scattering problem. Compared with the plane wavefront of far field, the wavefront of near field can be considered approximately as spherical surface. Based on this principle, a breast tumor data acquisition system is developed, which is a hardware system of breast cancer detection using near-field microwave [3, 5] . MRF is effective in modeling the prior knowledge in the sense of probability and provides a convenient and consistent way of modeling context-dependent entities such as image pixels and correlated features [4] . If we regard the relative permittivity of breast tissues with tumor under 1.5GHz microwave radiation as 3-D image pixels gray value, we may also use MRF theory to modeling the dielectric properties of breast tissues. The most important problem is how to build the relationship between data and the probability distribution of the breast tissues dielectric properties and we will solve it in section 2.4.
Organization of This Paper

MRF Model
In this section, we will introduce MRF and establish the prior probability distribution of breast tissues dielectric properties. We assume Ω represent the breast. Like the pixels of 2-D image, we lattice the breast tissues regularly. Then subdivide Ω into M regular lattices (proper small cube for resolution). Label these lattices successively in figures{1,2, , } M S = . Give each lattice a relative permittivity similar with the pixel gray value of image and we get a vector of relative permittivity 1 2 ( , , , )
We suppose thatε satisfies some MRF model ϒ and we have [4, page 24] : 
Ν is a neighborhood system of ϒ . Consider first-order neighborhood system in this paper that front, back, right, left, top, bottom neighborhood of each pixel.
Due to the Hammersley-Clifford theorem [6] which establishes the equivalence between MRF and Gibbs Random Field (GRF), we can consider Multi-level Logistic (MLL) [4, . In fact we have modified the clique potentials expressions contrast with the MLL clique potentials in [4, page 33] , however the effect isn't change. Now we obtain a GRF of relative permittivity
is the partition function.
MAP-MRF Framework
Now we use the MAP-MRF approach for solving the dielectric properties distribution problem. Given the detected signals data, according to the Bayes rule, the posterior probability can be computed by:
( ), ( ) P p ε Ρ are separately the prior probability distribution of dielectric properties and the prior probability density function (p. d. f) of detected signal data. P is the normalized power spectrum of signal data, which would be analyzed in section 2.3. P represents probability distribution and p is the probability density function. So the Bayes risk of estimate [4, page 13-15] which is known as the MAP estimate can be calculated by the following formula:
Signals Data Acquisition and Analysis
The process of data acquisition [5] is as followed: first applying 1 KHz triangular-wave modulation signal to modulating the voltage-controlled oscillator (VCO) with center frequency 1.575GHz. The bandwidth of module is B =100MHz. Then divide the frequency-modulated signal amplified by band amplifier into two parts, one part becomes to be transmitted wave emitted by antenna, the other one is transmitted to the input of multiplier after delay compensation. At the same time, the transmitted wave enter into breast tissues and scatter when meet the surface of target tissues. Then these scattered microwave echoes received by a receiving antenna will be transmitted to the other input of multiplier and are filtered by low-pass filter. Last the valid signals will be obtained by A/D sampling. The process is illustrated and shown by Fig.1-2 . In the whole process we can obtain the radius of reflective layer from the values of low frequency, which is the distance between reflective layer and the receiving antenna 1 1 2 2
where v is the propagation velocity of microwave within breast tissues, f is the frequency of the echo, d is the distance between target and receiving antenna and the distance between receiving and transmitting antenna is small and could be ignored. T is the period of triangular wave frequency modulation signal, B is the modulation bandwidth. The reflectivity coefficient is deduced from the amplitude of low frequency, however we must consider the propagation loss. Consider the breast tissues as uniform dielectric medium, so according to the propagation loss upper limit estimation of the wave in breast tissues, we can get [7] :
Here d f is the difference frequency of echo when the distance between target and receiving antenna is d ,
= is the reflectivity coefficient, which represent the scattering power ratio. of N normalized power spectrums which are collected by N times breast detection on the condition that the dielectric properties distribution of breast tissues is ε Γ = . Since the noise introduced inevitably in the process of breast detection and there is error between the real detection values and deductive values (the dielectric permittivity is uniform and the propagation loss upper limit estimation hold). We uniformly discretize the normalized power spectrum collected at each detection point i into n dimensional vector , so Eq.4 is discrete form of this formula.
So we can obtain the discrete normalized power spectrum Ρ when substituting Eq.4 into Eq.3. Since the noise caused by detection process. As we know each discrete component error e between real detected normalized power spectrum 
Through above assumption, analysis and computation, we have built the relationship between real detected signals data and dielectric properties distribution of breast tissues which is represented by (P | ) p ε . It is the most important part in MRF-MAP framework. Then we use the MAP estimation to connecting the relationship with the prior probability distribution of dielectric properties and translate the problem into an optimization problem. 
Solving the Optimization Problem
Substitute Eq.5 into Eq.2, we have to estimate the parameter σ , we let
. And we have
σ into ε * , we obtain:
P ε is quite complex, so we can take a simple approximate scheme called Pseudo-likelihood [4, page 188] to estimate:
Here S S − ∂ represent the label of lattices consist of breast tissues which have removed the lattices on the surface of breast tissues. Substitute clique potentials expressions into Eq.6, we have:
Here 1 ( ) , , {1,2, , }.
Put Eq.7 into * ε , we have:
We can take the partial derivatives about 
Simulations
In this paper we adopt MATLAB as the platform tool. Consider the condition of hemispheric breast tissues with diameter 0.16m. The internal breast is filled with normal breast tissues with relative permittivity 10, breast tumor with relative permittivity 50 and breast ducts with relative permittivity 11~14 for simulations. We don't consider the effect of skin. The times of detection is 32 N = . The antenna position (black dot) of each time detection is showed by Fig.4 . We take parameters 1,
Let {10,11,12,13,14,50} L = for simplification. Due to the complexity of clinic data, the initial discrete power spectrums Ρ for simulations are deduced by the distribution of breast tissues according to Eq. 3-4 with small additive white Gaussian noise. We can see that the breast tumor is obviously be localized according to the dielectric properties distribution from Fig.5 and Fig.6 .
Summary
In this paper, we proposed a MRF-MAP method for microwave near-field imaging of breast tumor microwave sensor. We have modeled the relative dielectric permittivity prior probability distribution of breast tissues which is reasonable according to the real distribution of breast tissues on fixed frequency microwave condition. Then in order to establish MRF-MAP framework, we analyzed the fundamental of data acquisition system and obtained the relationship between dielectric properties distribution of breast tissues and observed signals data. Last we translated the imaging problem into an optimization problem and solved it, and we simulated on the condition of hemispheric breast. The result of simulations is effective. In this paper we have made many approximates as the inverse scattering conditions, such as the sphere wavefront of near wave field, the discrete form of reflectivity coefficient, the uniformity of breast tissues dielectric permittivity. We also make some reasonable choices and assumptions such as the type of GRF model, the error probability distribution of power spectrum, the position of antenna. The result is obtained under all these conditions and assumptions. We may do some improvement in these assumptions and get better result in future research. This paper will have guiding significance for actual experiment in future.
